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j@FlX~ OF INI,ET MODIJ&ATION AND ROCKET-RACK EXTENSION ON ,:' 
THE LONGITUDINAL TRIM AND LOW-LIFT,DRAG.bF,THE,DOUGLAS 

F5D-1 AIRPLANE AS OBTAINED WITH A 0.125-SCALE 

ROCKET-BOOSTED MODEL BETWEEN MACH 

NUMBERS OF 0.81 AND 1.64 

., 
'TED NO. 'NAbA AD 399 

', " 
By Earl C.. Hastings, Jr:., and Waldo L;, Dickens 

.', 
SWY ',, 

A flight investigation,was conducte'd to,determine the effects of an 
inlet modification and rocket-rack,extension, on the longitudinal trim and 
low-lift drag of the Douglas F5D-1 airplane. The investigation was con- 
ducted with a 0.125-scale rocket-boosted model which.was flight tested at 
the Langley Pilotless Aircraft Research Station at.Wallops'Island, Va. 3 

Results'indicate thatthe'combined effectsof. the modified inlet and 
fully extended,rocketracks on the trim lift.coefficient a.nd,trim angle of 
attack were' small between Mach numbers of 0.,94 and 1.57. Between Mach. < 
numbers -of 1.10 and 1.57 there was an average increase in dragcoefficient 
of 'about 0.005,'for the model with,modified inlet and extended'rocket racks. 
The change in drag coefficient due to the 
between Mach numbers of 1.59 and 1.64. 

inlet modification alone is small 

$,,,&?, i ‘, 
;i . *liz)ti4i ,. = ., 

, ‘,&o/ti@f&. ._ 4; .A . >- 7 ..,. ',,. : , ,~, _ -i. 4, (. .."I ..% .alkz??a-il -* ,. ., 'CT . 

., 

This paper presents the results of the 'last phase of a program which 
has been conducted‘by the National Advisory Cammittee for Aeronautics with 
rocket-boosted models of the Douglas F&D-l and Douglas F5D-1 airplanes. 
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Reference'1 is a summary of the results of 'the F&D-l investigation and 
reference 2 presents the .development and test.results for one version 
of the F>D-1. 

The purpose 'of the investigation reported'herein,gas twofold: .First, 
to.~determine,the drag,increment and longitudinal-trim change associated 
with the'.extension of ,the'airplane rocketracks at supersonic speeds,, and 
second;to determine 'the,effects on ILo+-lift drag resulting from a moth- 
fied inlet,and inlet liptby comparison6ith the data of referentie '2 where 
.the. rocket racks were 'closed;, 

., ',, c 
, ,.’ ,, ,,’ , ,, ‘, I 

SYMBOLS’: ,’ 

A, 

aG3 

+dg 
- C 

CC 

CD 

CD,tot 

C& 

CIi 

'g 

1 

.M 

+il 

pt. 

cross-sectional area, sq ft 

longitudinal-accelerometer reading 

normal-accelerometer reading 
,a 

mean aerodynamic chord, ft : 

chord-force coefficient, positive,in rearward direction, 2Lw 
gqs 

drag coeffi&ient 

total drag coeffidient, cc cos u + CN sin a 

lift coefficient, CN cos a - Cc sin a 
.I. 

anw '. 
normal-force;coefficient, .positive toward top. of mode?, - - I @; ss .' 

acceieration.due to gravity, 32.2 ft/sec2 ,., '/ 

length, ft ,, 
,..,, .' 

Mach number ,. 

(' 
.' '. 

,. '.., 
,’ .. 

ratio of total mass flow thf-Pugh ducts to'mass flow at.free- 
stresmconditions passing through an area,equal,to total 
inlet-dal;ture area 

'total pressure, lb/sq ft : ,, <' .)' '. 
'1‘4 . -' ', . . ,, ;y; ,'j' g2 ': ,;;' " '~ /'_ ,~. : [ ',; ...).'I ? .',, :_ 

..’ 
,* I  I  

, . , , .  
$ J  . , , :  

.” , .  
3. 

, .  
‘., , ,  
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static pressure, lb/sq ft P 

.q.. -.. -. 

R 

r 

. ,  , . ._..  . . ;  ‘,I 

m.5~ ,pressme; lb/.sq,. ft I’ ” ., -* .- ” 
-. ju/ , ,  . I .  :  ,r’:-.-. ” 

Reynolds number 

S 

t 

radius,. ft. , ., '. 
', 

total,wing area, sq ft ,' ".[. 

,‘the, &c 7, . . ..I 

V 

W 

X 

velocity,, ft/sec 

weight, lb 

station measured from nose, ft 

a angle of attack, deg 

7 flight-path angle, deg, or ratio of specific heats 
,' 

Subscripts: 

6 base 

.e duct exit 

i: duct inlet (capture) 

* 

1 

i 

I 

j, j 

03 free stream 

ext external 

int internal 

tot total 
,,’ 

MODEL AND:APPARA~S " ',," 
‘:( 

Model I , :&, .*.* & ~ ,& . &‘ -, -;r.. ,s, : ". -: r -. _. ..%,. . . 
ik-3 .;i- ,, ,.-, ;'.: ,,.I j ,,,) .*.. .,'._ r",'..C -c -atLIla & .* .irr, ._. :. i'- 

A three-view drawing of.the 0.123-scale model tested is presented 
as figure 1 and a photograph of the model is shown as figure 2: Table 
presents the physical characteristics of the model'and figure- 3 shows 

"I, ." 

': . . ,tJ.; i ,, I '. 
1 
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the normal cross-sectional-area distribution and equivalentbody'.off 
-revolution of"'the:mo&l:Z-V i3i "o$‘de~*to show the inlet and inlet-lip modi- 
'fications incorporated in this version of the Douglas,F5D-1 airplane, 
figure 1 shows the inlet configuration of the previous version (configu- 
ration 2 of ref. 2), for canpa+son. There were no changes made in any 
of the internal duct lines or in the longitudinal location of the inlets 
on'the body. Figure 1 does show; however, that the original inlet was 
thinned down by reducing the.,thickness' of the area around the duct. As 
a result, the modified inlets were externally smaller and less sharply 
diverging than the original inlets,and had lips that were less blunt. 
In both cases, however,, the inlet lips themselves 'were'of a rounded, 
subsonic.design. The change" in normal cross-sectional-area distribution 
due to the inlet modification can also'be seen.in figure 3(b) but this 
increment is too small to be se,en in the equivalent-body-of-revolution 
plot of figure 3(a). .,' ,,, 

:. . ! 
Fuselage construction consisted of an internal steel thrust tube, 

with mahogany and fiber-glass fairings making up the external contours. 
The nose hatch was a removable fiber-glass casting that housed the 
telemeter equipment. Access to other instrumentation,was,provided by 

'8 removable fiber-glass hatches on the top,and bottom of the model. Space r was provided also in the fuselage for a smoke tank to,aid.radar tracking. 

I The construction of the modified delta wing was a box besni made of 
spanwise steel spars with aluminum-alloy cover plates. The exterior ,sur- 
faces of the wings and fillets were molded plastic and the vertical tail 
was made of machined aluminum alloy. 

The model rocket racks were scaled to duplicate the full-scale air- 
plane in their location, size, and movement: (See figs. 1, 4, and 5.) 1 
The racks were designed to,operate in a square-wave motionbetween the 
fully closed and fully extended position by using an electric motor to 
supply the torque and a programmed cam for the desired timing sequence. 
Because of the high longitudinal loads involved during the: boosted phase 
of the flight, the system w&designed to operate only after model- 
booster separation. .I!his was~.accom&.shed by installing a'switch'in the ' 
base of the mo.del to keep the:d&ocket-rack,circuit open during boost. . . 

In order to:present external drag it,was necessary to instrument 
the model for internal and base drag.' The rear of the duct was choked 
6ith a minimum section, and &total-pressure rake consisting of six probes 
Gas installed ne.ar. this ae~~.~~~,s'o.~.~tthat .&nternal+drag couldbe 'd&&mined"" at i =Gh .~&g&---g;e~+&& than 1 .,oo. Base static-pressure measurements were 
made by.using four static-pressure orifices spaced gOO.apart around the 
base annulus and manifolded together,inside the model. ., I '. ,i 

'The model was boosted to's Mach number of about 1.64, by two 6.25-inch- 
diameter ABL Deacon roiket motors which were timed to fire-simultaneously. 

w ,, 
" . 

0 $ $ .,, -,: i 'Y,' " ; : " , 
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Bigure,.6.is,a.photograph of..the--model-booster combination. Jfter the 
rocket motors had stopped thrusting, the model  separated from the booster 
and the data presented herein were obtained during the ,coasting phase of 
the ,fiight. ,. 

Apparatus 

The quantit ies necessary'to'determine the drag at low lift and the 
iongitudinal trim  characteristics were transmitted to a  ground receiving 
stationby an internal telemetersystem. The telemetered channels of 
information recorded were 'free-stream,and duct total pres,sure, angle of" 
attack, longitudinal and normal accelerations, base static pressurei '&d 
rocket-rack position. 

Free-stream static pressure and'temperature were obtained from a, 
rawinsonde released at time  of firing. Ground equipment consist ing of 
a  C W  Doppler radar unit and an NACA modif ied SCR-584 tracking-radar unit 
were used to determine model  velocity and position in space, respectively. 

;' 

ANALYSIS OF DATA 

In addition to values of total drag coefficient obtained from the 
measured telemeter data the C W  Doppler radar values of velocity obtained 
during this test can be used to give an additional set of total-drag 
values. By differentiating this velocity with reslject to time  and adding 
the f l ight-path.component of weight to obtain the drag deceleration, the 
total drag coefficient can be found by the,following relationship: 

,, , 
+ 

> 
ti '_ - 

($33 . . 
,I 

.A mor,e complete dis@ssion.of this method of analysis and the equipment 
involved'cari be ' found in reference 3. 

Base and internal drsg+coeff i&ents were determined from telemeter 
'quantities .meas~ed.,d~ing-t~e~~fli~t....~..Static~press~e measurementsmade 
on the model  base a&ulus,were used to calculate base drag coefficient 
from the equation'.~ I' .,' .l, ,' 

: . 

‘, '(pb 
C&b = ', 

- po)iBase area) 
qs '. 

,. 
'7 

..’ 

,- 
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Internal drag coefficient was computed by the~,r&hod of reference-,4 -.. _ 
~expressed .in'-te&&j ‘cjf' sj&' &<&*ion 

:, “’ 
g; = q.(g.$- g$g -.p;;;j,, : 

., ,, ,’ .: ,.‘, ‘,/ 
‘, 

where y is the ratio of spedific heats. With the'instrumentation used, 
in this investigation, all ,of the quantities necessary to determine 
internal drag coefficient at Mach numbers less than 1.00 were not measured. 
Estimates were made at subsonic speeds, 'however; by assuming' that the 
values of duct-exit static pressure were the same as the measured values 
of base static pressure. Experience with models having similar,duct-exit 
and base configurations has shown that this assumption is valid and .( 
reasonable estimates usually result. 

External drag coefficients were'determined by subtracting CD,int 
and. CD b from the faired.values of CD,tot. Inasmuch as these value? J. 
Ff 'D,e:xt weae'obtained at,low trim lift coefficientsand trim angles, " 
of attack they represent essentially the minimum drag of the model for 
the test conditions discussed herein. 

ACCURACY 

The following table presents what is felt to be reasonable values of 
the accuracy of the various quantities and coefficients presented in this 
paper. Where possible, these values have been obtained from agreement .' 'I 
between comparative data in this or in similar tests. Where ,the accuracy 
could not be obtained from a comparison of data the values have, been, esti- 
mated on the basis of'instrument error. 

y >‘,p: .~,,+,.*- : ,, ,:: d  

AM ; : . . . . . : .b.oio 
,&~y~o~,“*~ !. %,,. Jf ~~“‘“” .,.’ * @&a. ,, j,. ~*,.o:$~jiy 

mD,b  l l .- l 1: ;-, 0.9lO3 0.0003' 
wD;int .i . . . .].,*, ---mm- ,;+003 

,0.030 O'.OlO 

c’+*6>a” : . . . .I. c.v -4. ,-“,., 
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1 ,-. 
0.0 bb 0, As mentioned in the sectionentitled "Analysis of,,,eta#y! the..internal 
. .b drag coefficient could not be measured at,.s.ubsonic speeds; therefore, . . . . ;*A# . 
l b.b 

no value of ,accuracy.~~f;,aC~,i~~‘. is '@&?sented at M = 0.80.. In order to, 
/.d 

\ 
0’. 0. 

i; : .a .c .,%> /I -I I' . ',inc*reasethe accuracy of this coefficient at low supersonic Mach numbers, 
~*.-b-.- 
i$“,. ._. however, dual-range total-pressure cells were used to measure the duct- 
kc 
1 5:. ', 

exit total pressure so that at. M = 
about 0.0004. ... ; 

1.00 the accuracy of &D,int is 

I 

., 
I 

, J. I? " i ', ,,'. 

;;i:: 
,\' '.' ii. ';,:,s,.: i" 
j 

.. # 

RRSULTSANDDISCUSSION, 

Test Conditions 

The.variation of test Reynolds number (based on the wing mean aero- 
dynamic chord) with Mach number is shown in figure 7; and the mass-flow 
ratio during the test is shown in figure 8. By operating in the range 
of mass-flow ratio shown in figure 8 the model closely duplicated the 
mass-flow requirements of the full-scale airplane at probable operational 
Mach numbers and altitudes. 

Figure 9 presents the total-pressure recovery.of the duct. These 
. . . values should be considered qualitative because they were measured near 

# the duct exit and therefore represent the loss in total pressure relative 
to the duct exit rather than the engine face. 

The position of the rocket racks during the test is shown in fig- 
ure 10. This figure shows that the racks did not function properly‘and 
as a result the incremental drag difference due to the effect of the 
inlet modification alone can be determined on&for Mach numbers betieen 
1.59 and 1.64 where the racks are fully closed. Between M = 0.94 and 
M.= 1.57, however, the racks are essentially,fully extended and the 
effects of the rack extension on the longitudinal trim of the model ,can '. 
be determined. ' 

.' .1 Longitudinal Trim ', 
: Figures ll.and 12 present the variations -with Mach number of /' CL,trim 

and "trim, respectively, for the model of the present test and the, model 
The model of reference, 2,had~the%&ginal 

5 - . " from.the.test of reference'.2. . . ..I? * 
inlets, a,center-of-gravity_~l~~~~a~t&,on~ at 0~.~18@; "and the rocket racks fully 

II closed. A comparison @'the data presented in.figure 11 shows that between 
,M = ..** $$&& AC'. " '. l ti81"'"%%- M = 0.92 when the racks are'only about 44 percent extended 

there is a negative shift of 0.042 ',in CL;trim. For the supersonic Mach : . . 
I * numbers of the'test i;rhen the racks are essentially fully extended, the 

- 
m. : 

I_ 
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I . ..b. g&t. ..L.xrs+. " $". . . increment.,in CL,tfim ,-is a',small negative 
!B ;: ;p*, b-0•. increasing Mach number until, between M = 
kb, f".' extended rocket racks have no effect upon 

shiftwhich, decreases with- 
1.40 and 1.57, the fully 
CL,trim- By.&omparing the 
where the .rockets racks of. f&Q data qf figure 11 in the Mach number range 

@ ' ; t the present test were closed (M =,1.59 to"1 -64) it can be seen that the 
7,; i 
1 
y< 

$ ., 

inlet modifications alone have no effect on the value of %L,trfi between ,, . 
': 'these'Mach'numb&s. ,L, : 

1) ': g', A com$ar&on~of the values of '+im infigure 12 shows that there ;;,, 
I.' is a smallnegative shift of 0.37' due to the rocket racks being extended 

at about the b&-percent location between M = 0.81 and M = 0.92. At, .,' 
Mach numbers greater than 1.06, however, the change in a.trh due to. 
fully extended racks is a positive shift having its greatest influence ' 
atabout', M = 1.37 where the shift in .c+.h due to extended racks is 
about 0.55O. Between M = 1.59 and M = 1.64 the racks are closed and 
the effects of the inlet redesign alone on atrim in this Mach number 
range is seen to be negligible. 

. 

+ 

'"Figures 11 and 12 indicate that, between M =,0.97 and M = 1.54 
when rocket racks are fully extended, the values of CL,trim are slightly' 

This condition does not exist for the negative while qrti is positive. 
test of reference 2 in which the racks were closed. Apparently the 
pressure field created by the extended racks counteracts the positive 
lift increment associated with positive values of o+b so that the 
resultant CL,trim is negative. The abrupt changes in CL,trim and 
%rim which ~occur between about M =.0.94 and M = 0.97 are transonic 
effects rather than effects caused by rack movement inasmuch as the,rack 

I position is constant from M = 0.94 to M = 1.57. An examination of the' 
telemeter record shows that these changes take place while the racks&e 
stationary. In general, the.dhanges in the longitudinal-trim data,in 
figures 11 and 12 caused by the full rocket-rack extension and inlet 
modification between M = ,0.94 'and M =,1.57 are shown to be'small. 

' 
Drag ,. 

, Figure 13 presents ,,G%CD,tot from the telemeter and the CW Doppler r . : ..-,., ,Y, 'h .' ~h&.&&~r~d~ ?&"a, " ,,-,, ).Yr.w,ll"l,. ," ., .., ,. :' .$..A' .,%, .I ,i, ,,- ,, 1: I,, .-.*I ,.(, ,- ,I - . " .~ ~-~i?A.. Agreement between the two sources of data is very 
.' good at the higher Mach numbersof the test. 'Inasmuch as drag obtained . from track&g-radar data has usually proved to be more unreliable than 

. telemeter data at the lower Mach numbersfor this type of test, the faired 
in figure 13 are based upon telemeter data alone below tilues of cD,bt 

M = 1.28. " _',. 
- :' 

r 
,, -. '.. 

,.A ._,. ,' :, 
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N A C A  R M  .S L 5 7 D 3 0  9  

M e a s u r e d  V E L h l e S  O f C,,,b a n d  C D + t 'a n d  es t imated  subson ic  va lues  

O f 'D  int .., ., . ,,..,., .,. : ,_ ..,_ ,. a L x ,". .,. I ,. ,. . . . . . ,._ .,.:_  :- \ l, _ .:,-, a re  s h o w n  as  fu n c tio n s  o f M a c h  n u m b e r  in  fig u r e  1 4 . T h e s e  q '.,‘ . ..‘S . L , .j,.j 
m e a s u r e d  d a ta  w e r e  in  exce l len t  a g r e e m e n t wi th th o s e  o f re fe rence  2  
a l t hough  th is  compa r i son  is n o t m a d e  in  fig u r e  1 4  fo r  th e  sake  o f fig u r e  
clarity. T h r o u g h o u t th e  M a c h  n u m b e r  r a n g e  o f th e  test, C D ,in t is. 
near l y  constant  a t 0 .0 0 0 7  a n d  C D  b  inc reases  f rom a b o u t 0  a t subson ic  
s p e e d s  to  a b o u t 0 .0 0 1 5  a t M a c h  n u m b e r s  a b o v e  1 .2 0 . 

T h e  ex terna l  d r a g  c o e ff icient o f th e  p r e s e n t test  i s ' com&red  wi th 
th a t'o f're fe r e n c e  2  in  fig u r e  1 5  to  s h o w  th e , e ffects o f rocket - rack 
ex tens ion  a n d  in let  m o d i f icat ion. B e c a u s e  o f th e  w ide - range  ins t rument  
u s e d  in  th e  m e a s u r e m e n ts o f d u c t to ta l  p ressu re  in  re fe rence  2 , th e  'sub-  
son ic  es t imate6  o f cD,int f rom re fe rence  2  w e r e  be l i eved  to  b e  un re -  
l iab le.  A s  a  result ,  va lues  o f C D ,ext  f rom re fe rence  2  w e r e  n o t cor-  
rec ted  fo r  C D ,in t b e l o w  M  =  1 .0 0 , w h e r e a s  th e  d a ta  o f th e  p r e s e n t test  
is cor rec ted  fo r  th e  es t imated  va lues  o f C D ,in t b e tween  M  =  0 .8 1 . s n d  
1 .0 0 . 'R - $ 6  shou ld  b e  k e p t in  m ind  w h e n  C O IIpr ing V d U e S  of  CD,ext  f rom 
fig u r e  1 5  a t M a c h  n u m b e r s  b e l o w  M  =  1 .0 0 . 

W h e n  th e  rocket  racks m o v e  f rom 4 7  p e r c e n t e x t e n d e d  to  9 4  p e r c e n t 
e x t e n d e d  b e tween  M  =  0 .9 3  a n d  M  =  0 .9 4  th e r e  is ,an inc rease  o f 0 .0 0 1 0 , 
in  C D ,ext. T h e  drag-r ise,  M a c h  n u m b e r  ( the M a c h  n u m b e r  a t'wh i ch  
d C D /d M  =  0 .10 )  wi th th e  rocket  racks 9 4  p e r c e n t e x t e n d e d  occurs  a t 
M  =  o m g 6 . B e tween  M  =  1 .1 0  a n d  M  =  1 .5 7 , C D ,ext  is constant  a t 
0 .0 2 8  with th e  racks e s s e n tia l ly  fu l ly  ex tended .  Th is  represen ts  a n  
inc rease  in  C D ,ext  d u e  to  in let  m o d i f icat ion a n d  rocket- rack ex tens ion  
o f 0 .0 0 3  a t M  =  1 .1 0  a n d  0 .0 0 5  a t M  =  1 .2 5 . F r o m  M '=  1 .2 5  to  
M  =  1 .5 7  th e  inc rease  in  C D ,ext  d u e  to  in let  m o d i f icat ion a n d  rocket- l  
rack  ex tens ion  rema ins  a  cons tan tva lue  o f 0 .0 0 5 . W h e n  th e  rocket  racks 
a re  'fu l ly  c losed  b e tween  ,M  =  1 .5 9  a n d  M  =  1 .6 4  th e  e ffects o f th e  
in let  m o d i f icat ion a l o n e  o n  th e  d r a g  o f th e c o n fig u r a tio n  c a n  b e  d e ter -  
m i n e d . F ' igure 1 5  s h o w s  th a t th e  c h a n g e  in  CLj ;ext  d u e  to  th e  inlet': 
m o d i f icat ion is so  sma l l  th a t i t is 'within th e ,accuracy  o f th e  'd a ta  '?  
b e tween  M  =  1 .5 9  a n d  M  = '1 .6 4 :. 'J 

C O N C L U S IiIO N S  

, . . . ,'.' -.$,* ,., t, .,, .'_  I ., ," '-,.? A  -9  .-.i - l-Y . b  **I.-, 6 ;' I.7 . Ilm ... . ,~ _  .;, .., ,... _ ,. _ . _  
,A  f l ight invest igat ion w a s  c o n d u c te d .with a  0 .125 -sca le  rocke t -boos ted  

m o d e l ' o f th e  D o u g l a s  F5D-1  a i rp lane  to  d e te r m i n e  th e  e ffects p r o d u c e d  by ' 
rocket - rack ex tens ion  a n d  a n  in let  m o d i f icat ion on long i tud ina l  trim  a n d  
ex terna l  d r a g . T h e  fo l l ow ing  conc lus ions  a re  ind icated:  

-' 
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l,.....!he changes producedi,.intrim.li.ft coefficient and trim-a&$ of 

attack due to inlet modifi,cations and full rocket-rack extensions were 
smal& between Mach‘numbers of 0.94 and 1.57. .' 

2. With'the rocket racks fully extended and the revised inlet incor- 
porated the dra&rise Mach number was 0.96. Between Mach numbers of 1.10 
and 1.57. the external drag coefficient was constant at 0.028 (an average 
increase of about 0.005 over that of the modei with,the original inlets 
and'closed'rocket racks). 

.- 
3. Between Mach numbers of 1.59'and 1.64 'the &U-J& in external drag 

coefficient due to inlet modification alone wassmall. 

Langley Aeronautical Laboratory, :. 
National Advisory Committee for Aeronautics, '. 

Langley Field, Va., April 11, 1957. 

'Earl C. Rasti .,' 
Aeronautical Research'Engineer ". ', 
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TABLE I.- PtiSICAL,CHARACTERISTICS OF A O-125-SCALE MODEL _' 
', .,':' 

4 :‘: 
iI, ,, 

:, 

.’ 

’ ‘3 
‘,/. 

i 

,.; 

1 ., 

/ ,j 

i 
1 . ,. .I 
; ’ 
: : 

,s’ 
- 

;. '. OF THJZ DOUGLAS F5D-l,AlRPLANE . : 
', ,. 

,’ 

wingi 
.’ 

’ I Area (total), 6q ft . .' .......... .". .. i ... .'. 8.7~ 
Span,ft ., 
Aspect ratio ... 

.. ...... 

.......................................................... 

4.19 

Meana6rodynamic chord, ft 
E.EC$ 

. 
Sweepback of leading edge, deg ... 

.................... 
52.5 

Dihedral (re,lative to mean thickness line),.deg 0.0 
Taper ratio, (Tip chord)/(Root chord) .............. .. ... .. 0.33 
Airfoil section at root .... NACA 0005 (modified) 
JLLrfoil'sectidn ai+ tip ........ '., .. NACA 0003.2 (modified), 

Vertical tail: 
Area (leading and trailing edges .extended 

to center line) sq ft . ., ... ............... 1.49 
Aspect ratio .... . ............. 
Height (above h$ei&e center line), ft 

..t. 2.89 
............ 1.47 

Sweepback of leading edge, deg ....... ; ........ 
(Tip chord)/(Root chord) 

51b7 
Taper ratio, .............. .. ... .. 0.40. 
Airfoil section at root .... 'NACA 0005 (modified) 
Airfoil section at tip ..... ...... NACA OOO3.2 (modified) 

Ducts : 
Total iGet-capture tiea, sq in., . . . . . . . . . . . . :. . . 9.45 
Exit area, sq in. '... . . . . . . . :. . . . . .,. . . . . . . . 8.60 

Weight and balance: 
Weight, lb . . . ., . . . ( v ; . .,,. . '. .' . !. . . ,. . . . F 
Wing loading, lb/sq ft '. . . . . . . ). ; .,.L.~:. . . . . . . 
Center-of-gravidy loca$ion, p&dent E . . ; . . .;'. . . . . I.- . 
Moment of inertia in pitchj slu&-ft2 '. :' . . . .' . '. . . . . 

~~>,wr”~~~L&*:“,,, ._ . . ,0”.;nri.. :.. ,‘.q,.. 

. 
, 

i71.6 
1?.72 
lg.01 
13.99. 
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(a) Equivalent body of revolution. 

Q24 

.020 

008 

,.004 

’ 

~.~*;...~:n*.Y.-~9d I D ,,< ,AeJ-~ .*.~ 
,;m.~..~ p,w2~ o  ,~ ,’ * ; i “.- .pc , 1  .,-, ” ‘. .,I :;.., ‘-. ,.‘, .. 

,: +  
. ,,( .’ : 1. I 

: 

. y: 3  ;. c (d) &;ea distribution. ', : 1. ),' 
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Reynolds number based on a mean aerodynamic chord of 2.28 feet. 
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By Earl C. Hastings, Jr;; and Waldo L., Dickens :' 

_, .” 

../! ; 
. ‘, 

ABSTRACT 

,. ,i 
,. / 
,. 1, 
‘. 

: ‘..a 

A flight investigation was conducted to determine the effects of 
inlet modification and rocket-rack extension on the longitudinal trim 

s and low-lift drag of the Douglas F5D-1 airplane. The'investigation was 
conducted with a 0.125-scale rocket-boosted model between Mach numbers 

.of 0.81 and 1.64. 

'This paper presents the changes.in trim angle of attack, trim lift 
'coefficient, and low-lift drag caused by the modified inlets alone over 

a small part of the test Mach number range and by.a combination of the 
modified inlets and extended rocket racks throughout the remainder of 
the test. 

, , . .  D!4DEX,H&DINGS ,'. j ,,a :; 41 '_ 
-.,.,.: 
d I,, 

,, A 

,ri’ Protuberances - 'Bodies 
;gy, ,. 
2;,,, Stores - A&plane. Components ,. 

. *.-., v: --! 
:. 4: ;- 
,& 

Airplanes - Specific Types 

. /:. /‘.,, 
.br- 

. 

4 :.‘, .: ,’ ,’ 
,.: 

.’ 

, .  

;  ; ; ;  ,  ;  

. ,  *  1”’ ’ 

,*_,‘, 

-. . ,  “., 

. , .  
I I  , ,  

.,‘,I 
,+_, 

“’ , ,  

‘,.,., _ 1 / ,  
, .  

i:‘,/, 1.’ , , .  

:...+A.’ 
x. . : ,  

/  ; ,  ,& .‘,, 

:  ,  ;  ,_‘,_ 

1 ‘.‘I ‘1. 

‘, ‘.. 

,:- ,  .~ ,, . , .- .  
:  

,..= .Mm.’ / ,  

~. . 

1.3.2 i'5 
,-, ', i.7.1.1.5 

1.7.1.2 

. . i  I .+ > ,, .., /.‘ . . . ..- ._._ -*, ..I_, ;-. 



,_.,,. ,, 
/ 

j ,,.&,, ~,,_ _.; ; * i 1.1 ‘: ” 
_, 

-_ ., 

: ,: (, .’ .’ _ 

.. ’ ( :-., 
,’ ,’ 

,:t 
,:. 

,:). ‘_ ,, ., i ,,,‘. ,, I,-l.” ,. 
’ ,. .’ 

.;, 1 

.j’. 
., 

: .,‘. 

:r 

‘. ,,c 

,,..: 

P.‘. 

.’ ‘.,‘. 

: 
‘8 

> 

:,I ,: 

1. 

_’ ‘. 

_I 

I. -,~, : ‘..&. ..I, 

,I, ‘. 

‘I 

‘;. 

,” _, --‘.. “., 

. I  . ,  

,‘, ,( ,’ 

,.. 
.’ 

._ .’ 
‘. ‘,,. 

: 
1 >$., .I ..” .,.,. 
i;$ 
:6 q 
g; 
a?: <  

.: , . . . . . :. :-., 

k,.’ 
,- 
a. 

i,. 
“.. . . 

.  .  

: ; .  

:  j’. 

,i.’ 

\ 
,,.;’ ,.~’ I.. ;A;::: .:.I-; :..,j.., ;;::::. 7 ._ 

’ : “:. ‘.::.:::,;-,‘.~:‘,‘~‘:; ,::,;,:‘I :,’ a, ,: !,i ,, 

I -.,, .; *, /, i.: .’ -’ - . -.,-;, ._, .,I ,: .: ., :. \,> ~..L’ . L.,,i.~~~;r;~~~“~~~~,~.‘ ,-’ ., T  .j 

j 
-c 

, : 
‘, 

. . . 

. . : ., 

(. 

i, “’ 

., 
__,:,:;.  . , . !  . , I  . :  “iW.y~ i ” 

: 

,,,_. _.,. “. .-.- 
“. :_ .-. 

._ ,. ..i 

, ; . ,  “,(i,, (,. \.r’/,.. ‘...I 3. ‘.. 
-.‘/,_~..r,, !‘. 


